ELLIPSES. 


The thin! Bicircloid Curve, produced by two circular move¬ 
ments (in the same plane) when the angular velocities are as 
2; 1, in contrary directions, has for its central equations 

*soos$ + eco8$=(l +*)cos 4; 
y=sin<f>—esin$=s(l — e) sin 


which, by putting asz I + e the apocentral radius, and p= }— e 
the pericentral radius, become 


jrssacos <fr, andy=psin$. 

Ilcncc 0 ,+ © , = i .o) 

Therefore the Curve is an Ellipse, of which a and p are the 
apsidal major and minor semi-axes, respectively. 

The exccntricity of this Ellipse is 

flf=s %/ p*ss (a-f p)(a—p) = 


^(1 +e+l—e)(l + e—l+e)sa /2x2c=2v r f. (2) 

Or, the excentricity as the distance from the center to either 
focus, is a mean proportional between the diameters of the 
Deferent and Epicycle. 

Substituting r cos $ for *, r sin $ for y in (1.), and clearing 
from fractions, there results ® 

pV* cos* 2 + a 9 1 * sin**=a a*p *; 


whence 
Putting in 
r 9 ; 


_ a y 

p* cos 8 $ + a 9 sin 8 0' 
the denominator, o 9 — 

«v 

*0 9 —«* » S COS*d* * “ 


.W 

forp 9 , there results 
.(4) 


Again, putting ^ (1 4- cos 2 5) for cos 9 1, in the denominator 
of (4), there results. 
r*= 


a*p* 


(a *—- a 9 t 9 J—i a 9 « 9 cos 2 0 

b 2a 9 p 9 

*a 9 +p 9 —a 9 1 9 cos 2 f 


(5) 


In the equations (1), (3), (4), and (5), the center is the 
origin or pole. 
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The polar equation when the focus is the pole is 


a+**cos6.. 

When the Epicyclic radius vanishes, or e=0, then a=p ; in 
this case equation (1) becomes 




Hence in this case the curve is a circle, whose radius is 
a or p. 

Similarly, equation (3) gives, as in (8), 

wr** 5 or rm p- 

When the Epicyclic radius becomes equal to the Deferent 
radius, or «= 1, then o=2, p=0; and equation (1) becomes 

©* + (o)* =1; or y =0 - 


The curve in this case becomes a straight line, coinciding with 
the axis of x. 

Equation ( 3 ) gives r=0, since p=0; but here must be 
excepted the case of sin 6=0, in which case equation (3) be¬ 
lli® j,® 

comes^s:-^ ssfl 8 ; .\r=±o; and these are the limiting 
values of r. 

The polar equation of the third Bicircloid, when centric, 
26 

gives r=ecos— ; which, when 6=0, or 6 = 180 °, gives, as 


before, r= + o, or r= — a, the limiting values. 

This Curve is the liectoid or Orthoid ; being a finite straight 
line, whose length is eauai to the Apocentral Diameter. 

The values e=0, and ess 1, give trie two extreme cases of 
the curve. 


If we suppose e infinite, then a=c, />= —e ; and we get, 
both at once, the two cases in one; for the curve becomes a 
circle: while, its radius being infinite, the circle is equivalent 
to a straight line: but here the length is not finite, because 
it is not centric. This, however, is an Imaginary Bicircloid. 
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Let D=l, ess- ; then 
n 9 


fj=!LZ!?._ H+m 

n * "“it. 

fliss2/«, by (2) atsss^J^SUj aa^i^y, , 

i» fi+m # 


(») 

( 10 ) 


Let <i=l, /j=~, then 


D= 


n+m 


it—w 


2» - 9 ® 2f» * ai f 




Let «=1, then p= Sn*-m\ 


p—p g . n "“ +/»*—in* 
2 ft* 2 ft 


• 01 ) 
• ( 12 ) 
• (I*) 


The letters, c, or/, attached as an index to the letters r 
and r, denotes that the origin, or the pole, is at the vertex, 
center , or focus, respectively. 

Thus, when the center is the origin, we have * 

a*p % ; from equation (1). 

Whence a*y a -+-p*ss<i*—*J; which is the second form of the 
rectangular equation. 

If vre make the vertex the origin, put x p -f a: c =a; then 
*<.=*—*.5 and substituting this in equation (1), we have 
a*—(«—xj*s=2a* w —xj; as in the first form. 

When the origin is at the focus, ay+x^et 5 .\x e *=a«—x,; 
and a* y*-+-/>*=<**— (e «—x / )*s= «*—a* «*+2 a c x,—a* 

=J»*+2 VV—/i* ay—x*; 
which is the third form. 

s The polar equations are deduced from the rectangular equa¬ 
tions by making 

x,=r,cos^ y=r. sin*.; 
x c =r e cos^ y»r, sin I,; 
x^iycoa^ y=r f co*l f i 
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marding at the pole is at the vertex, at the center, or at the 
focus, respectively. 

Thus, we have 

whence «* rj sin* f,-fp*«2 a r 9 cob a.-rjcos* 5 p , 
or a* r e sin*f t =2a p* cos r t cos* j # ; 

Arinr 2qp*eosfl, _ 2tfp*cosl, 

ifun*$ 9 +pP coe* (a*—p*) cos**, 5 

and puttingf or coe*we hove 

_ 2 op* cos*, 

«*- 2~~~ —cos 20, 

4 ap*cos*, 2 x 2 «rp*eos 0 , 

*«*"«* +p*-(a*-p*)cos 2 *. = V+ J P*- (a*~p*) eosST#/ 
If we put f cos $ sc: cos then 

e* •* cos 1 *=(a*—p*) cos* *=a* cos* ^ $ 
and we have also 

r « 2ejg*oosfl, _ 2ap*cos*, __ 2p*cosfl, 

<?—o*eos*ip v «*sin*ik ~ asin*^ r * 

Since d*s*s=a*—p 8 , equation (4) may be written 

tf V 

e «*H^p«j cos* 1, 5 

and putting a* cos* ^ for («*—/>*) cos* **, we have 

«*p* _ a*p* _ p* p 

* o*—o*cos*4r c ?sin*Jc * * * rtf8B ain^/ 

Similarly, equation (6) may be written 

_|£__p* __ p* _ p* 

r/S= «+ -p*cosI,*«+«cosfl(l +cowy 2aco88 ^‘ 


The angle ^ may be geometrically constructed as follows: 
On the major axis of the ellipse, as a diameter, describe a 
semicircle. Project orthogonally on the radius vector, or its 
prolongation, the d[stance between the foci,« ns. 2 a «. At the 
extremity of the major axis inscribe a chord in the semicircle, 
which shall be equal to the preceding projection of 2 a «; this 
chord makes with the major axis an angle=4’’ 
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If m denote the perpendicular on the tangent, then accord¬ 
ing as the pole is taken at the vertex, focue, or center, so we 
have 

w vy+aMrS—J* _ 

** 2v/y-fe* «*rj—p* (2—§*)—*• rj 

w\/ 2 ^; 

_ __ a P 
9e V'« a +p*—r* 


If x 1 and p* are the coordinates of a point in the curve which 
corresponds to the angle 9; those corresponding to 

m 

the angle ; and y"', those corresponding to the angle 
Hj} then we have 

«y / +Jf # y= : « ,, y-‘xy ,, =tjry M —jpW ya=sp. 
r«+r«=r*+r^=r 3 +r w *===o 9 +/) 2 . 

The relation between 9 r and $ is 

(1— t 8 cos*d«.) x (1 +Y 3 j ? cos* t) = l. 

Whence 

• cos $ cos 0,as if (cos$+ sf 1—i^cos 0 r )(cos $ — ^l-iW f ); 


COS^s 


cos 

i/l— ••IBn*!^ 


and cos $ s 


^7cosi, 

Vl—» a COS*le 


Let u and w be the coordinates of the Evolute, respectively 
parallel to the coordinates x and y, then 

whence (pw)S + (a «)*« (a •}*. 

and &pw— 4/(v / a a « t + Vo ti)( v'o** 1 — ^ <m<). 
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The following are examples of Ellipses whose principal 
axes are proportioned, to each other, according to the series of 
ratios expressed by every pair of numbers not exceeding 10. 

■ Fig. 1. Axes as I : I. 

Radii as 1:0; e=0. 

«=l,p=l; 1*=0. 

The foci at the center. 

A Circle, one extreme of the Ellipse: 
the other being the Orthoid, fig. 33. 

y , =2x t —s*=l— 1— x}. r,=2cosJ„ r»=r/= 1. 



Fig. 2. Axesasl0:9. 
Radii as 19: l s e=0-05263. 
«=l,p=0'9; 10*«*=10*—9*=19. 
10* y*-M>*= 2.10 *„-*;= 10*-*? 


=9*+ 2 v'io*-9 1 .x / -x’. 
r r =2.10.9* cos („•+• {10*- (10*-9*) cos* K\ 

= 2.9 , cos«„H-10sin’^ r;= 10*.9*+{ 10*- (10*-9*)cos*M, 
r„=9Wn*,. r/=9*-*-j 10+ » / H> r -9*.cos( / -|=9*-+-2.10cos*| 



Fig. 3. Axes as 9 : 8. 
Radii as 17:1; e=0*0588. 
a = 1 ; p—0-8; 9*.*=9*-8’=17. 
9*y’+* s = 2.9 a 1 ,—arj=9*— x\ 

=8* + 2 ^9*—8*jy— x). 


r,=8.9.8* cos {9* — (9*—S*) cos* (,} 

=2.8*cos(,-i-9 sin**,- r*=9*.«*-*-{9’-(9*-8*) cos*U, 
r,= 8-t-sin*,. r x =8*-*-{9+ \'\P— 8 } cos i,\ =fi'+2.9cos* 






f* t . = ‘J.K.7 d COS 8*- 

= 2.7*co>> ^-i-8 BinSJv 
r t =7-r-8in^r />=7'- 



r„«2.7.« 3 cu S *,.*•{ 7 2 - 
= 2.6*co»d r -~7 
rv=6-rair»tk~ lyssfi 8 -; 



as 2.5*COS0 r -Misill*4v 

r„= j-rSiin^ r/=5 a -; 
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Fig. 4. Axes as 8: 7. 

Kadii u ) 5 :1; *=006. 

0 = l,/»=O 875 ; 8 * «*= 8 *— 7 *= 15 . 

8» y*-^ 7 4 = 2.8 *„-*;=8 s -*; 

= 7'+2 \ / H t -T i .Xf~x‘ / . 
-(8*—7*) cos* 8,} 

^=8*7*-H 8* - («*-7*) cos*8 r l, 
r '8 + 7 4 . 00 » 9 /} = 7 4 -r 2 . 8 cO»*g^ 

Fig. 5. Axes as 7: G. 

Radii as 13: 1; «=0’07C9. 

«=|, ,,=0857142; 7V=7*-6 i = 13. 

7* y J -^6 J =2.7 7 1 -*; 

= 6*+ 2 v'T*—6 f •*/—*/• 

i7*-G*)co**»J 

. ^=7 i .6'^!7 4 -(7 , -6‘)oo S *8j, 

-{7+ v / 7 4 —fi’.cosJ^J =6*-r-2.7cos*ir' 

Fig. 6. Axes as 6: 5. 

Radii as 11:1; *=0-09. 

ami, ,,=088; 6 j i®»6®—5*=11. 

6* y , -~5‘=2.6x l ,— jJ=6 r — af 

= 5*+ 2 j-a}. 

[6*—5*)cos*i„| 

*J=6*.5*-r J6«-(6 , -5«)cos«»,i, 

_ 

-;6+ v'6 1 -5 i .cosV}=5 J -7-2.6cosV* 





H 



Fig. 7. Axes as 5: 4 . 
Radii ns 9:1; e=0*l. 
a=l,/)=0-8; 5V=5 , -4 S =9. 
5* y 4 -r4*=2.5 

=4* + 2 ✓5*^4*.*,-aj. 


r,=s2.5.l 1 cos«,-i-{5*-(6*-4*)co«*(,} 


-2.4‘coB».-i-5gin^. rJ«5*.4 t -H5*-(5*-4*)cos I J,}, 

.1 

r,»4+siin|» # . r / =s4*4-{5(+5*—4*) cos 8 } =4*4»2.5cos*^ 



Fig. 8. Axes as 9:7. 
Radii as 8 11; e=s<H25. 
.;atl,/>=0-7; 9** t =9*-7*=32. 
» J y s -r7*=2.9 x t — 1^=9»— 

=7 s +2 y'W^Xf-x), 


r,=2.9.7 J c« ! .8,-j-{9 i -(9 J -7 1 )cos*8 | ,} 


=2.7 1 cos«,-f-98in i i,. rj=9*-7 4 -H 9* - (9 4 - 7*)cos*8 c }, 

_ 

#V=7-^sin^. r f = 7‘+ 9+ v'U 1 —7 4 -co»8/j ss7 a -f'2.9ioa®2 



Fig. 9. Axes as 4:3. 
Radii as 7 :1> *ssO 142857. 
ff=»l,^=0'75i 4*i*=4*-S , s=7. 
4*y*-T-,l*=2.4 *Jm4*— 

=3*+2 ✓4 4 ^3*.ay-aJL 


»•„= 2.4.3 4 cmI, -S-J4*— (4*—3 4 )cos 4 8 b } 


=2J*cos8 1 ,-f-4siii i 4<,. rf=4*.3 4 'T-j4 4 — (4*—3 4 )cas a 8,J, 

—- 4f/ 

r c =3-^sin\{f. r/=3*-r-{4-f i / 4 1 — = 3 a «r-2.*lffo**,7' 
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Pig. 10. Axes as 7:5. 

Hadii as 6:1; e=0*16. 
a=l,p=0-7142855 7*«*=7*-5»=»24. 
7*y*-i-5*=2.7* # —*J=7»—*J 

=5*+2v'7*-5*.* / -^ k 


»*,« 2.7.5 1 cu*« t .-i-{ 7*-(7 J -5*) cos 4 *,} 

=2^*Coa« r -r7«n*^. ^=7*.5*-r{7*-(7*-5 a )coa*4 e f, 
r,=5-i.iiiijf,. r,=5 4 H-(7+ ✓7 J ^.C08« / }=5*-M.7cos*| r * 


Fig. 11. Axesasl0:7. 

Radii aa l7s3; «=0*17<M7. 

a=l,p=0*7; 10*«*=10*—7**»5l. 
10 *jf a -f* 7 1 = 2 * 10 ar,—*Jss 10*-*J 

= 7* + 2 ✓10*^7*.*/-^. 

#V=2 l().7'co»J„-r| 10*— (ICH—7*)co»*fl„^ 

= 2.7*cosJ (> -MOsin i ii<,. rj= 10 a .7 J -H I0 a — (10*—7*)cos** c {, 

r r «7-5-*in4-«. r,=7*+ 110+ v'lO a -7 a .coa« / }=7 i _2.lOco*4 / * 




Fig. 12. Axes as 3; 2 . 
Radii aa 5:1; e=0*2. 
o=l,j,=0*6; 3V=3 a -2 a =5. 
lV-»'2 , =2Ja'.-jrI=3 a -x; 

= 2 l + ‘J </&-2* 


r m —2 J.2 a cos {3 a — (.l 2 - 2 a j cos*#.} 

=2.2 a co»«,T-J»in a i{»,. rj=3 a .2 a *r-{3 a — (3 a —2 a )coa a < e f, 
r c =2T-aimIv» r,— 2 a -r-{3 + 2 , .corJ / } =2 a -j-2.3cos a ^* 
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■ Fig. 13. Axes as 8: 5. 

Radii as 13:3; e=s0"23. 
o=l,/>=0'625; 8V=8*-5*=39. 
8yj.5*=2^.-*;=a8*-«* 

=5*+2 v'8*—5*.*/— a(j> 
r,~2.8.5’ i co8(! p -J-{h i —(8 l —5*)co»*J r } 

=2.5*eoa) ii 4-8»in , 4v rJ=8*.5*-i-{8*—(8'—5*)co»*J,}, 
r e =5-rsin<l/,_ r / =5 , -r{8+ 8'—a'.ous=3*-f2.8cos*^' 



Fig. 14. Axes as 5:3. 
Radii aa 4:1; e=0*2S. 
a = l,/>=0'6; 5*i , =5*—3*at 16. 
5y-^3*-2.5 x- 5*-*J 

=3*+ 2 v'«*-3 i jy-4 


r, =2.5.3* co*»,.-r-15*- (5* - 3 s ) cos*», \ 

=i2A*coa« l ,T-58ip 4 <».. ^»5*.3 , -i-{5*-(5 , -3 s )coa*4,|, 
r,,=3-r-sirn{»,. r^=3*-f-15+ 1 / 5 *— S*.co»i/, as3 , -r-2.5co»*j / ' 


Fig. 15. Axes as 7 -. 4. 

Radii aa 11:3; e= 0 - 27 . 

1 = l,i>=0-571428;7V=7*-4*=33. 
7V-^4»=2.7^-4^=7*-^ 

=4*1-2 v'7 r -4*jy-*>. 

r„=2.7.4 1 co»»,4-{7 , -(7*-4*)co* 4 U 
=2.4 I coa» p T-7ain*j.,. <>7 4 .4^{7 , -(7 J -4*)coa*« e }, 



r,»4-^8in^. r /= 4*=|7+ t' 7* - 4 J .co» S,l = 4 *=2.7 cos^ 


i4r. 
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r =2.9.5*cos0 -i-.9 a - 

p p 

=2.5 4 cos 9 r -r-9sin , 4> p . 
r 0 =5-j-sii»4v r/=s5 J - 



r p =2.2.1*cos9 p -r- 2 ! — 
■=2.1*cos9,-i-2siW, 

3 r = 1 -T-8 n^r* ly® 



r p = 2.9.4‘ cui.8 p -r i O’* — 
=: 2.4*co89 r -r9»in*4' p 
r c = 4-^8in^. 37 = 4 *-: 


Fig. 16. Axes as 9:5. 

Radii as 7 :2; e=0-285714. 
a=l, p—O-5 ; 9* .*=9*-5*=56. 

9* y*-f-5*=2.9*,-*;=9*-^ 

= 5*+ 2 ✓S^P.ay— J/. 
•(9*—5*)cob* 9 p } 

rJs=9*.5*-!-{9*—(9*—5 , )co 8*9 c }, 

__ At, 

■{9+ v'9 i -5 4 .cos9 / } =5*-^2.9 cos*2"‘ 

Fig. 17. Axes as 2:1. 

Radii as 3:1; <=0*3. 
a= I,jj=0*5j2*«*=2*—1*=S. 

2* y*-j-l*=2.2 * p —*J= 2*—*J 

= l*+2 
(2*— l*)cos a 9J 

^=2*.l*-5-{2* - (2*-l*)cos*9J, 

_ $1/ 

-{2+ v / 2 4 -l*.cos9 / l = l s -i-2.2cosy* 

Fig. 18. Axes as 9:4. 

Radii as 13:5; f=0 , SH4(=. 
a= 1, —0*4 ; 9*« 4 =9*—4 s =65. 

9* 0*-M*=2.9 *„■—** m it *—aj 

=4* +2 ✓9^hT*JP / -**. 

(9*—4*)cos*9,} 

r2®=9*.4*-r-l 9*- (9*- 4») coi 4 9J, 

_ . 

{9+ V'SM—4*.co*0/}=4 J -r2.9eosV-* 
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Fig. 19. Axes as 7:3. 

Radii m 5:2; <=0*4. 

0 = 1,^=0*428371; 7*»*=7*—3*=40. 
1 V-43’=2.7.r.-*;=7*-'*; 

=3*+ 2 v'f*-3' i .X/-X/» 


r,=2 .7-3* cog 1 ,,-H 7* - (7* -3*) «** M 
=2.3*co«l,-*-7 sin*+,. rj=7* 3 , -*-{7 i— 1 (7*—3*)cos*»,}, 

r r =3-t-#in^ iy=3*-H74 v'7 s -3*-«»*/| = 3 ! -*-2.7cog* 


Fig. 20. Axes as 5: 2. 
ltadii aa 7**1 f=0-428571. 
o=l, j>=0-4; 5*«*=5*—2*=21. 
5«y«^-2*=2.5jr,—*?=5*—a? 

=2*4 2 v / 5 , -2 T J)—*J. 
r„=2.5.2*cosJ,+(5* —(5 4 —2*) con*!,} 

= 2 . 2 * 0081 ,-i-5«in*<1v. *^=S*.2 a -»~SS’* (o' 1 — 2*)cos*!,}, 

r,=2-t-«imj>,. r / =2*+J5*4 (5*-2 Vool,! =2*^-2.5 co«* f 



Fig. 21. Axe8as8:3. 
Radii as 11:5 5 e=0*45. 
o=l,|)=U-375; 8*t*=8*-3*=55. 
hV+ 3*« 2.8*,-*;= 8 i —«V 

=3*42 ✓»*—3*.oy 0$, 
r.=2.83 J co»*-r,!'>*- (8* S*)co»*l,l 
=2^W.-^8sin*+.. rJ=8*.S* + !8 4 - (8*—3 4 )oos*l,}, 

♦/ 

r,=34-sin»k. r,=3*4->8-i- =.1*4-2.8008*j- 
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Fig. 22. Axes as 3: 1. 

Radii as 2 :1; e=0*5. 
a=l,/>=0-3; 3*s*=3*-l*=8. 

3 * y*-H*=2.3 .r ( -x;=3 2 -^ 

= l* + 2 ✓3*^T 4 .jt / — x). 
>„=2.3.1 , cus9,,-h;3*-(3' 1 - l^cos*#,} 
sB2.1*C084 r -f-3sin*4' t ,. ^=3*.1*-i-{3*-(3*-l 4 )cos*«J, 
r,-14-sin4,. r,*l l -H3+ cos S / } = 1^4-2.3cos 4 ^. 

Fig. 23. Axes as 10:3. 

Radii as 13 s 7} e=0'53846. 
o»l,/i=0-3; 16*.*=10*-3*=91. 

10* y*4-3*«2.10ar,-3j= 10*-*J 
=3*+2 ✓ l6*—3**,— 
r,= ’>.lU.3*co»9,-f- 110*- (I0*-3*)cos s 9,} 

=2.3*cos9,-MOsin*<lv r£=10*.3*-Ml0*-(10 4 -S 1 )oo8*» 1 .|, 

_ A, 

r r =3-r-sinAr- r / =3*-5-{10+ v'lO*—3*.cos9,} = 3*---2.10cos*^'- 

Fig. 24. Axes as 7:2. 

liidii as 9:5 j f=0 5. 
u=»l,y=0-285714; 7***= 7*-2*=4S. 

7 2.7*,- *;«■ 7*-*J 

=2*+ 2 ✓7 5 ^2*.* / -*J k 

r.«2.7.2*e.>K*,-j-i J*- (7 s - 2*)co**9,} 

■=2.2*cos«,-i-7 4 «in*4' ( . rj= 7*-2 4 -H7*“(7*-2*)cos*«J, 
r,B2-rsin4.- iy=2*-r|7 + i'7 , -**.eos»/| = 2 3 -r-2.10cos*f• 












Fig. 25. Axes as 4:1. 
Radii aa 5:3; e= 0 * 6 . 
a=l,y=0*25;4V=4*—1*=15. 
4*y*-r-l s s=2.4 X'— *J=4 4 — ** 


= 1 * + 2 

r r as 2.4.1 * CCS 0,i- { 4*— (4*— 1*) cos* J,} 

= 2.1*cos«.-t-4siD*^ ^=4*.1 *m-{ 4*-(4»- l*)cos*« t } 

r r =l-*-sin4v. r r =l*-f-{4+ v'4*-l 4 .cos0 / } = l*-*-2.4coa 4 



Fig. 26. Axes as 9 : 2. 
Radii as 11:7 > *=0*63. 
o=l, p=0-2 ; 9*.*=9*-2*=77. 
9 4 y 4 -r-2 4 = 2.9*,-*1=9*-*; 

= 2«+ 2 v / 9*- 2 s j)r-^ 

r,=2.9.2*cosfl,-t-{9*-(9*— 2*) cos* 9.} 

= 2.2* cos (I,-t-9 sin 4 *,, rj=9 4 .2* i- {9*—(9*—2 4 ) cos* »,}, 


i*e=2t-sin^. r / =2*-t-{9+ </9 i -2*.cos » f \ =2*-*-2.9 cos*£ r - 

2 



Fig. 27. Axes as 5:1. 
Radii as 3:2; es=0*6. 
a=J,p=mO-2; 5V=5’-1*=24. 
5y+l*=2.5*- «J=5*-aJ 

«l 4 +2* / 5 4 -l 4 * / -a£ 


',=2.5 I cos (5*— 1*) cos* j,} 

=2.1*cos0.-t-5 sin 4 ^=5 4 .l 4 i-|5 8 -(5*-l 4 )cos 4 ii f }, 

4 • --- • ii • (e i i«-s » _ %2 . a 


»lc€- 
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Fig. 28. Axes as 6: l. 

Radii aa 7 : 5 } e=0-7l4285. 
a=l,/>=0-lG} 6*«*=6*-l*=35 
6* y*Tl*=2.6*,-*;=6*-a; 

= 1 * + 2 
G 1 —(6*—l®)coa*8 r 

=2.l a co8«,-r6*in , 4 v rj=6*.l*-f-j 6’*—(6®—1 *)cob* 8 c }, 
r,.=l-j-siinfr r . r/=l ! -i-»fi+ y/ G a — l 9 .eo»8/} = l 4 -r2.6cos*^ - 

Fig. 29. Axes as 7:1. 

Radii aa 4:3 $ «sO*75. 
ff =l,j»:=(H42857;7V=7*-l*=48. 

ry*-!-i*-2.7 *,-<■r-«; 

= l*+ 2 ✓7^-1*.*,-*}. 
,„=2.7.1* cos 8,-^-, 7' 2 — (7*-1*) coa*8„} 

=2.l*cos8„-f-7Bin 4 *,. ri=7*.l*-H7 4 -(7*-l*)coB*8,.l, 

_ A. 

r,.= l-!-ainiJ>,.. r / =l 1 -i-{7+ ^7*— l*.coa8 / l = l*-4-2.7cOB 1, ^ f - 

Fig. 30. Axes as 8: 1. 

Radii as 9 s 7} «=0*j. 

>i=l, p= 0*125; 8V=8 a -l*=6J. 

**** -i-l» = 2.8 #,-*;=8*-*J 

-l*+2 ✓8*~l*ur / -a^ 

.= 2.b.I'*c<»8 1 ,j.{ 8*-(8*- l*}cos«8 r } 

=2.1*co88 p -T-88in*^ r . f*=8*.r»-H8*-(8*-l*)eoa*8,}, 

, = 1 -~siinji,. n / -| , i)84 v / 8 s — 1 *.cds 8/J = l 4 -r-2.8eo8 5, ;j^ - 















r,=.-.2.9.1 4 co*9,-f- !) s —( 
=2.1*cos sin 4 ^. 

r c = l-+sini|» r . »ys= 1* + 



»•„=2.10.1 *cosJ e -r [ 10* 
=2.1 2 cos9 i 4-1 0sin*<J> B 

r c = 1 -j-siii'1'r- r/= l*-r 



Fig. 31. Axesas9:l. 

Radii os 5:4; e=0*8. 

'/=l,p=0-i ; 0*.*=9*-1*=80 
9* y*-rl*=2.94f,-*?=9*-^ 

= l*+2 
9 4 _l»)cos 4 6 r } 

rj=9*.l*-r{9*—(9*— l*)cos 4 U» 

9 + ^9 4 =F.co 8 i,\ = l*-r2.<J C08 ; |'. 

Fig. 32. Axes as 10: 1. 

Radii as 11:9; essO'Sl. 

«»1,/>=01; 10 4 « 4 =10 4 -1 4 = 99. 

10 * y 4 -!-l*s=2.10 i r.-rJ= 10 4 -*? 

= 1*+ 2 ✓ 10*—1 *jc f —x). 
-(10*—l’Jcos’J,,} 

. r* c = 10 4 .1 4 -H 10 4 —(10 4 - l 4 )co S *9j, 
{10+ ✓ it) 4 —T 4 .cos9/J »l 4 -f- 2 .IOcos* 2 ^' 

Fig. 33. Axes as I : 0. 

Itadii as 1:1; 

tfsrl,p=0;l 4 i 9 —1*-0 4 =1 or«»1. 
The straight line, the other extreme 
of the Ellipse, see fig. 1. 

Foci at the vertices. J/=0. 

)“ 8 s r r^ •" J> f* f e *s£Xp 

Henry Peeioal, Jun. 


26 Brompton Squire. 
October IHfiS. 










